CHAPTER 4. STRESS ANALYSI S

Section 4-1 Introduction

4-1.01 Policy Statenent

The design stresses and deflections set forth in the fal sework
specifications are the maximunmstresses and deflections which
may be allowed for a given |oading condition. Loads are to be
applied in accordance with the policy and procedures discussed
in Chapter 3, Section 3-1. Individual nenbers of the fal sework
system as well as the systemas a whole, nust be capable of
resisting the specified design |oads w thout exceeding the

al | owabl e val ues.

| n accordance with Division of Structures policy, falsework
drawi ngs are not to be approved in any case where the cal cul ated
stress or deflection in any fal sework menber exceeds the allow
able stress or deflection for that falsework menber.

4-1.02 CGeneral Design Assunptions

In general, stresses in |oad-carrying nmenbers of the fal sework
system may be determ ned bg using the general formulas of civil
engi neering design applicable to statically determnate franed
structures.

For those elenents of the fal sework systemthat are statical
indeterm nate, the Division of Structures has devel oped specific
met hods and procedures which are to be used when investigating
system adequacy. These procedures, which are applicable to

di agonal bracing, nmetal shoring systens, and pads and pile
bents, are explained in Chapters 5, 6 and 7, respectively, of
this nmanual

The | oad-carrying capacity of conmercial products or devices,
such as jacks, beam hangers, deck overhang brackets and simlar
items, should be determned reference to a catal og, brochure
or other technical literature published by the manufacturer, or
by a load test perfornmed in accordance with the instructions in
Section 4-6, Mnufactured Assenbli es.

The | oad inposed on fal sework beanms and stringers by the slab
support system of close%y-spaced joists is actually applied as
a series of concentrated |oads. \Wen calculating stresses in
t hese menbers, an equivalent uniformload may be assuned.

The effect of beam continuity nust be investigated. As provided
by Division ﬁolicy, any theoretical advantage resultin rom
continuity should be neglected; however, the adverse effects
must be considered to prevent overstressing of any fal sework
menber, (See discussion in Chapter 3.)
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When cal cul ating stresses, keeﬂ in mnd that the individual
fal sework nenbers as well as the system as a whol e nust be
capable of resisting all inposed |oads, including any direct or
redistributed | oad caused by beam continuity, the construction
sequence, prestressing, deck shrinkage, and simlar design and
construction features which may contribute to the overall |oad
to be carried by the menber under investigation.

Section 4-2 Tinmber Menbers

4-2.01 Menber Size

Ti nmber nenmbers should be assuned as S4S unl ess shown ot herw se
on the fal sework draw ngs.

The di mensions of rough cut lunber may vary appreciably fromthe
theoretical dinmension, particularly in the larger sizes comonly
used in falsework construction. If the use of rough cut |unber
Is anticipated by the fal sework design, the actual nmenber size
nmust be verified prior to use.

4-2.02 Allowable Stresses and Load Duration

The maxi mum al | owabl e stresses for tinber as listed in the
specifications include an adjustment for an assuned duration of
| oad of about ten days, which is typical for nost falsework
installations. Since these stresses are nmaximuns, they nmay not
be increased even though the actual duration of l[oad may turn
out to be less than the assuned duration.

QCccasionally a situation will occur where the falsework will be
| oaded for a long period of tine, such as, for exanple, when a
continuous structure is constructed in stages. In such cases

| oad duration considerations nay warrant a reduction (by the
contractor) in the allowable stress |evel.

Appropriate duration of |load factors are shown in Figure 4-6.
4-2.03 Tinber Beans

4-2. 03A Beam Span

For sinple beanms the span length is the clear distance from
face-to-face of supports, plus one-half the required bearing
| ength at each end.

For continuous beans the span length is the center-to-center

di stance between supports over which the beamis continuous.
For end spans of-continuous beans the span length is the
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di stance between the center-of-bearing at the continuous supﬁort
and the point of end support determned in accordance with the
sinple beamrule stated in the precedi ng paragraph.

4-2. 03B Bendi ng _and Defl ection

The extrene fiber stress due to bending (f,) is calculated from
the forml a:

f, = Mc/I or £, = M/S

where £,is the bending stress in pounds per square inch; Mis

t he bending monent, in inch-pounds; c is the distance fromthe
neutral axis to the extrene fiber, in inches; | is the ngment of
inertia of the section about the neutral axis, in inches ; and S
is the section nodulus, in i nches®.

al support to prevent the
e the all owabl e bending

Deep, narrow beans may require |ater
r
2.03E, Lateral Support of

conpression edge from buckling bef
stress is reached. (See Section 4
Wod Beans.)

e
0

The maxi num defl ection(a)of a uniformy |oaded sinple beamis
given by the fornula:

_ swL?
384 EI

where A is the deflection, in inches; Wis the total uniformy
di stributed load, in pounds; L is the beam span, in inches; and
E and | are, respectively, the nodulus of elasticity and the
nmoment of inertia, both in customary units.

4-2.03C Horizontal Shear

The formula for horizontal shear in a rectangular beam "b"
inches wide and "d" inches deep is:

f, = 3V/2bd or £, = 3V/2a

where £, is the maxi mum horizontal shearing-stress, in pounds
per square inch; Vis the vertical shear, in pounds; and Ais
the cross sectional area of the beam in square inches.

Theoretically, the strength of a wood beamin horizontal shear
is a function of that strength propertg for the specie and the
extent to which a particular beam nay be checked or split at the
end, However, tests by the U S. Forest Products Laboratory and
others have shown that with split beans the shear force is not
uniformy distributed as assuned by the shear formula. |nstead,
inasplit or checked beam the upper and | ower halves of the
beam each resist a portion of the total horizontal shear force
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i ndependent|ly of the force resisted by the beam at the neutral
axis, so that a split or checked beamis capable of carrying a

| arger |oad than woul d appear to be the case using the general
shear fornula. Investigation of this phenonenon led to the
derivation of so-called "two-beant or "checked-beant fornul as
from which the horizontal shearing stress may be determned wth
greater accuracy.

Wien reviewi ng fal sework designs, the horizontal shearing stress
shoul d be conmputed using the general formula for a rectangul ar
section ~. Wen conputing the total shear "V' to use in the
formula, neglect all loads wthin a distance fromthe face of
the support equal to the depth of the beam |f the allowable
stress 1s exceeded when conputed by the general fornula, and if
the contractor's beam design is based on the use of the checked-
beam nmet hod of analysis, the shear value "V nay be determ ned
by using the checked-beam formulas, and this value used in the
hori zontal shear cal culation

4-2.03D Conmpressi on Perpendi cular to the Grain

Conpressi on perpendicular to the grain at beam supports is given
by the formul a:

£f.. = P/A

where f., is the conpression stress perpendicular to the grain
i n pounds per square inch; P is the applied |oad, in pounds; and
A is the-bearing area in square inches.

When cal culating the bearing area at the end of a beam no

al | owance need be nade for the fact that, as the beam defl ects,
the pressure at the heaviest |oaded edge of the support appears
greater than at the other edge. The wood yiel ds enough so that
pressures equalize, and overstressing does not occur.

! Note that the Division's Fal sework Check conputer program
uses the general formula for rectangular sections to calculate
hori zontal shear.

> A discussion of checked-beam theory is not included in this
manual because horizontal shear is seldomcritical in bridge
fal sework spans. However, a discussion of the checked-beam
nmet hod of analysis may be found in the National Design Specifi-
cation for Wod Construction and other tinber design manuals,
and reference is made thereto.
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For small nmenbers (2x4's, 2x6's, 4x4's etc.) having a short
| ength of bearing, it is standard practice to conpute the
bearing stress on the basis of an effective area determ ned
by multiplying the actual area by the factor:

L + 3/8
—r

where L is the bearing length in inches.

Use of the "effective area" factor will be permtted in the
anal ysis of bridge fal sework, provided the bearing length is
| ess than six inches and the end of the |oad-carrying nenber
extends three inches or nore beyond the back face of the
support.

To facilitate construction at |ocations where a conventional
support nag not be feasible, falsework nenbers occasionally are
supported by rods or dowels cast into a previous concrete pour.
For exanple, |lost deck forns may be supported- by a |edger beam
bearing on dowels cast into the %;rder stem In this or any

ot her case where a tinber nenber bears directly on a round

support, there will be some yielding of the wood fibers as the
| oad is applied, and sone crushing will occur.

When investigatin% bearing adequacy. when tinber nembers are
supported by steel bars, the following policy will apply:

o« When | ost deck forns are supported by 2-inch nomnal and
w der | edger beans bearing on either 5/8-inch or 3/4-inch
di aneter reinforcing bar dowels, and provided the dowel
extends far enough fromthe face of the concrete to-ensure
full -wi dth bearing under the |edger, a vertical design |oad
of 900 pounds (maxi num) may be used on each dowel.

e For all other cases where tinber nenbers bear directly on
steel bars, bearing adequacy will be verified bK nmeans of
an "equivalent length of bearing" equal to one-half the bar
diameter. |If the calculated stress based on an equival ent
bearln? | ength of one-half the bar dianeter does not exceed
the allowable stress, the detail may be approved even
t hough some crushing will occur.

When investigating the bearing adequacy of a tinber nenber on a
round support, the bearing area obtained by using an equival ent
| ength of bearing may not be increased further by applying the
effective area factor previously discussed. Conbining the two
procedures woul d take unreasonabl e advantage of the bridging
ability of wood fibers, and thus as a matter of policy will not
be permtted for falsewrk analysis.
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4-2.03E Lateral Support of Wod Beans

Beans having a large depth-to-width ratio may fail by lateral
buckling (in nmuch the sane manner as |ong columms) before the
al l owabl e bending stress is reached unless they are restrained
and forced to deflect in the plane of the | oad. The amount of
restraint needed to ensure beam stability is a function of the
depth-to-width ratio; however, it is not subject to precise
anal ysi s.

In the tinmber industry it is accepted design practice to check
beam stability using guidelines developed enpirically by the
U.S. Forest Products Laboratory. However, these industry

gui del i nes, which nar be found in many tinber design manual s and
handbooks, were devel oped for permanent work and thus are too
conservative for the tenporary |oading conditions typical of
bridge fal sework. Accordingly, the Division of Structures has
nmodi fied the industry guidelines to reflect the tenporary nature
of fal sework construction. The Division's criteria for eval uat-
ing tinber beam stability are as follows:

o If the nomnal depth-to-width ratio of a beamis 3:1 or
| ess, no lateral support is needed.

|f the nom nal depth-to-width ratio exceeds 3:1 but is not
nmore than 4:1, the ends of the beam should be braced at the
top and bottom

e If the nom nal depth-to-span ratio exceeds 4:1 but is not
more than 6:1, the ends of the beam should be fully sup-
ported by bl ocking between beans.

If the nomnal ratio exceeds 6:1, in addition to bl ocking
at the beam ends, blocking or diagonal bridging should be
used at mdspan for spans up to 16 feet, and at m dspan and
the quarter points for spans greater than 16 feet.

4- 2. 03F Beam Rol | over

When placed in other than a true vertical position, a tinber
beam w || exhibit a tendency to rotate about its base as the
load is applied. This rotational tendency, comonly referred to
as "beamrollover", is an indication of instability which nust
be investigated during the fal sework design review

The tendency of beans to roll over when placed on a sl oping
surface is a function of the height and wdth of the beam

® As used in this section, the term"beant means and incl udes
any horizontal |oad-carrying menber of the fal sework system
including joists.
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the | oad, and the sl ope &}he angle with horizontal expressed as
a percentage) on which the beamis placed. Beam rollover should
be investigated in all cases where beans are set on a sl oping
surface usin? the procedure described below to find the nmaxinmum
beam hei ght for a given |oad, slope and beam w dt h.

In addition to rollover stability, beanms placed on a sl oping
surface require a further check to verify that the allowable
conpressive stress is not exceeded at the downsl ope corner of

t he beam

4-2.03F(1) Investigation of Rollover Stability

For analysis of beamrollover, it is assumed that the vertica

| oad acts as a concentrated |oad on the top center of the beam
Refer to Figure 4-1 and note that the |oad transfers through the
beamto the surface in contact with the supporting menber
through a vertical line. The beam will be stabl e against
rollover if the line of the vertical load reaction [ies within

t he beam w dt h.

Wien nonents are taken about the downsl ope
corner of a beam placed on a sl oping surface,

as indicated by point Ain Figure 4-1, the beam
w ||l be stable against rollover provided the

ri ghting nonent ?RND exceeds the overturning
nonent (OTM.

For a given slope and beam | oad, there is a
limting beam hei ght-to-wi dth rel ationship.
For a given width, the limting height is
determ ned as foll ows:

OTM = RM . A
h(P)sing = b/2(P)cose¢ f g‘l'l_f-e
(h)tang = b/2
h = b/2tang = b/[2(S/100)])
h = 50b/S FI GURE 4-1|

where P is the load on the beam h is the height of the beam b
is the width of the beam S is the slope expressed in percent,
and ¢is the tilt angle.

As an exanple, the limting Slope for a 2x10 (1.5" x 9.25") beam
is calculated as foll ows:

Slope(% = 50%: 135_1255)_ = 8.1%
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4-2. 03F(2) lnvestigation of [ LV tr

As the slope on which the beam rests increases, the conpressive

bearing stress between the beam and the supporting menber at the
downsl ope edge of the beamincreases. This is the case because

the center of gravity of the load acting through the top center

of the beamremains vertical. The stress at the downsl ope edge

Is determned as follows:

e Calculate the conpressive stress for nornmal bearing on the
area between the beam and the supporting nmenber as shown in
Figure 4-2(a).

fi = Pcosg/A

where £ is the conpressive stress; P is the load and ¢ is
the slope angle, so that Pcose¢ is the |oad conmponent acting
perpendi cul ar to the beari'ng surface; and A is the bearing
area

o« Calculate the stress due to vertical |oad eccentricity
using the bending stress equation. See Figure 4-2(b)

f. = Pe(cosg) /S

<

where £,is the stress due to the bending nonent produced
bK the eccentric |oading condition, e is the distance from
the centerline of the beam at the bearing surface to the
vertical reaction line, and S is the beam section nodul us.

[ﬂ @ 2 (@)+(b)
=

(a) (b ()

FI GURE 4-2

The sum of the stress values fromsteps 1 and 2 will give the
total conpressive stress at the downsl ope edge of the beam as
shown in Figure 4-2(c).
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Except for joists bearing on camber strips, the calcul ated
bearln? stress on the downsl ope edge of a beam nay not exceed
the allowable stress of 450 psi. For joists bear|n? on canber
strips, the calculated stress may not exceed the allowable
stress of 900 psi

As an exanple, the bearing stress on the downsl ope edge of a
2x10 (1.5" x 9.25") beamon a 6 percent cross slope resting-on a
-1/2" w de canber strip where the design load is 1900 pounds is
calculated as follows:

¢ = tan? 6/100 = 3.43°
e = h(tang) = 9.25(tan 3.43°) = 0.555"
Bearing Area = 1.5(1.5) = 2.25 in®

Pcosg _ 1900 Cos 3.43°

= 842.9 psi
A 2.25 42 P
Pcosgec _ PCosge _ 1900 Cos 3.43°(0.555) _ ,q , psi
T S bh? - )
6

Final Stresses’= 842.9 * 49.2 = 793.7 and 892.1 < 900 psi

4-2.03F(3) Blocking to Prevent Rollover*

Beans which otherw se woul d be unstable against rollover when
investigated in accordance wth the procedure described in the
Breceding sections may be made stable by the use of. full-depth

| ocking at the beam ends. Additionally, when the slope exceeds
8 percent, the followng shall apply:

e If the nomnal depth-to-width ratio is 4:1 or |ess, block-
i ng. should be provided at m d-span.

e If the nom nal depth-to-span ratio exceeds 4:1, blocking
shoul d be provided at the |/3 points of the span.

For joists that are subject to rollover, toe-nailing to the
supporting surface, in lieu of blocking, will not be permtted
since the joist can break at the toe-nailed |ocation.

* The tendency of a beamto roll over is an independent condi-
tion of instability; consequently, the need for blocking to
prevent beam rollover occurs independently of any requirenent
for blocking or other neans of support to ensure beam stability
as discussed in Section 4-2.03E, Lateral Support of Wod Beans.
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4-2.04 Tinber Posts

For analysis, fal sework posts may be considered as pinned at the
top and bottom regardless of the actual end condition, except
for driven Pile bents. In a tinber pile bent, the piles may be
assuned as fixed at a point four dianeters bel ow the ground
surface, unless the actual soil condition dictates a different
assunption. (See Chapter 7 for the procedure to be followed
when | nvestigating the capacity of tinber pile bents.)

For analysis, tinber posts are classified as short, |ong or
internedi ate colums, depending on the failure node.

Short columms are those in which failure occurs as a result of
axial crushing, and bending is not a factor. Mst authorities
define a "short" columm as one having a slenderness ratio of

el even or less. (Slenderness ratio is the ratio of length to

| east dinension.) Long colums are those in which failure is
due to buckling, and strength is governed entirely by stiffness.
| nternedi ate colums are those in which failure is due to a
conbi nation of axial crushing and bendi ng.

In short posts the axial unit stress in conpression parallel to
the grain is determned by dividing the total |oad by the cross
sectional area of the post; hence the fornula:

fo= PIA

where £, 1S the conpressive stress parallel to the grain, in
pounds per square inch; P is the axial load, in pounds; and A is
the cross-sectional area of the post, in square Inches.

Anal ysis of long and internediate posts requires the use of
empirical formulas to obtain a limting value for £f., whichis

| ess than the allowable for-axially-loaded short posts. These
fornmulas are derived fromthe general Euler formula, which was
devel oped for axially-loaded pin-ended colums. For a square or
rectangul ar cross-section, the Euler formula is:

0. 3E
(L/d) *

where F. is the maxi num al | owabl e unit stress, in pounds per
square inch; E is the nodulus of elasticity; L is the unsup-
ported length, in inches; and d is the m ninum dimension, In
I nches, neasured nornmal to the plane of bending.

Tn
o
|
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The Euler fornula reduces to the follow ng when the nodul us of
elasticity for wood of 1.6 x 10° psi is used:

_ 480, 000

Fpb = — ———

(L/d) 2

The specifications limt the value of ¥, to 1600 psi. This
l[imting value corresponds to an L/d ratio of about 17.3.

I n actual practice, the Euler fornula gives conservative val ues
since it is applied to restrained and square-end posts and
colums, which are not as |inber as the pin-ended colums from
which it was derived.

4- 2. 04A Round and Tapered Posts and Piles

QO her factors being equal, round and square posts havjng t he
same cross-sectional area have approxi mately equal stiffness,
and therefore carry approximately the sane | oad.

Wien anal yzi ng round nmenbers, the |east dinension "d" to use in
the colum fornula should be taken as the Iength of the side of
a square post whose area is equal to the cross-sectional area of
the round post being used. This procedure will give results
which are accurate within five percent for posts of the size and
length ordinarily encountered in falsework construction.

When anal yzi ng tapered nenbers, the |east dinmension "d" to use
in the slenderness ratio L/d is found by first deternininﬂ t he
“equi val ent dianmeter" of the tapered nenber by neans of the
follow ng relationship:

Dz'D1

D. =D, +
0 1 3

where D, is the equivalent dianmeter, D,is the tip or smallest
dianeter, and b, is the butt or largest dianeter. Al dinen-
sions are in inches.
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Section 4-3 Tinmber Fasteners

4-3.01 Introduction

Desi gn met hodol ogy and fastener values found in the National
Desi gn Specification for Wod Construction and other recognized
ti mber handbooks are intended to apply to permanent work, and,
thus are not necessarily appropriate for talsework. In view of
this, the Division of Structures has devel oped alternative

met hodol ogy that generally follows industry design practice, but
whi ch includes nodifications where warranted to assure that the
review procedures followed are reasonable in the light of false-
wor k requirenents.

4-3.02 Connector Design Val ues

Design values for both lateral |oad resistance and w t hdrawal
resistance for wood fasteners in various wood species have been
standardi zed by the tinber industry, and are available in nmany
timber design manual s and handbooks.

To facilitate review of falsework designs using tinber bracing,
fastener design values for Douglas Fir-Larch, which is the wood
species commonly used for construction in California, are

tabul ated in Appendix E for nails, bolts, lag screws and drift

pi ns. Design values for other fasteners, and for other wood
species, may be obtained fromthe Sacramento O fice of Structure
Constructi on.

The design values in Appendix E are for normal duration of |oad,
and may be increased for the shorter |oad durations typical of

bFidg%jfalsemork. See Section 4-3.07, Adjustment for Duration
of Load.

4-3.03 Nails and Spi kes
4- 3. 03A Design_Val ues

Wthdrawal and | ateral |oad design values for nails and spikes
are tabulated in Tables E-4 through E-7 in Appendix E.

The tabul ated values are for an individual nail or spike. Wen
nore than one nail or spike is used in a connection, the total
design value for the connection is the sum of the design val ues
for the individual nails or spikes.

D aneters shown in the design tables apply to fasteners before
application of any protective coating.
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4-3.03(1) Wthdrawal Resistance

The tabul ated design values are for a nail or spike driven into
the side grain of the nenber holding the point wwth the axis of
%hg nail or spike perpendicular to the direction of the wood

i bers.

Nai | s and spi kes have little resistance to w thdrawal when
driven into the end grain of a wood nmenber. Accordingly, the
use of connections where the nail or spike is subject to wth-
drawal fromthe end grain of wood will not be permtted.

4-3.03A(2) Lateral Resistance

The tabul ated design values are for a nail or spike driven into
the side grain of the nenber holding the point wth the axis of
the nail or spike perpendicular to the direction of the wood
gjbers. The values apply for a lateral load acting in any

i rection.

Wen a nail or spike is driven into the end grain of a wood
nepber, the design value is reduced to 2/3 of the tabul ated
val ue.

The ability of a nail or spike to resist lateral forces is a
function of the dianeter and depth of penetration of that nai

or spike into the nmenber holding the point. The design val ue
tabl es show both the maxi mum and m ninum | ateral resistance

val ues-for a given type and size fastener. Refer to the design
tables (Tables E-4 through E-7 in Appendix E) and note that the
maxi mum | ateral resistance is reached when the penetration is 11
dianeters, which is identified in the tables as the desired
penetration. The lateral resistance value at the desired
penetration of 11 dianeters may not be increased, even though
the actual penetration may exceed 11 di aneters.

When the penetration is less than 11 diameters, the design val ue
IS obtained by straight-line interpolation between the nmaxi mum
and m ni num tabul ated val ues, provided the actual penetration is
not |ess than the m ninum penetration shown.

5 A penetration of |ess than the desired penetration may occur
when round posts are used or when |ongitudinal bracing on skewed
bents is not parallel to the side of a square post. In such
situations, care nust be taken to ensure that the m ni num
penetration is actually obtained, since nails or spikes having a
penetration of less than the mnimumw || have no allowabl e
| ateral |oad-carrying val ue.
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4-3.03B Required Nail Spacing

The tinber industry has not adopted standards to govern the
spacing of nails and spi kes when used in an engineered tinber
connection. The industry guideline is that edge distance, end
di stance and spacing nust "...be sufficient to prevent split-
ting of the wood." (National Design Specification for Wod
Construction, 1991 Edition.)

In recent years there has been a trend toward the use of a
greater nunber of nails in tinber fal sework connections than
woul d appear warranted by prudent design considerations. In
view of this, the Division of Structures has established the
follow ng guidelines which, as a matter of policy, wll govern
the spacing of nails and spikes when used to connect fal sework
braci ng conponents:

e The average center-to-center distance between adjacent
nails or spikes, measured in any direction, shall not be
| ess than the required penetration into the main nmenber for
the size of nail being used.

e The m nimum end distance in the side nenber, and the
m ni mum edge distance in both side nenber and main
menber, shall not be |less than one-half of the required
penetration.

While proper installation of tinber connections is primarily a
field concern, the design review nust assure that the nenbers
are |l arge enough to acconmodate the required nunber of nails or
spi kes when the nails or spikes are spaced in conformance wth
Division of Structures criteria as set forth above.

4-3.03C Toe-Nailed Connections

| ndustry practice recommends that toe-nails be driven at an
angl e of approximately 30° with the nenber being toe-nailed, and
sﬁartegbapproxinately | /3 the length of the nail fromthe end of
t he menber.

Design values for withdrawal and l|ateral |oad resistance nust be
reduced for toe-nailed connections, as follows:

e For withdrawal |oading, the design |load shall be reduced to
2/ 3 of the value shown in the applicable design table.

o For lateral |oading, the design |oad shall be reduced to
5/6 of the value shown in the applicable design table.
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4-3.04 Bolted Connections
4- 3. 04A Design_Val ues

Desi gn val ues for bolted connections are shown in Table E-1 in
Appendi x E.

Except for connections in fal sework adjacent to or over rail-
roads, threaded rods and coil rods may be used in place of bolts
of the same dianmeter with no reduction in the tabul ated val ues.

The values in Table E-1 may be used wi thout nodification when
the load is applied either parallel or perpendicular to the
direction of the wood grain. Wen the load is aﬁplied at an
angle to the grain, as is the case wth fal sework bracing, the
design value tor the main nmenber is obtained fromthe Hankinson
formul a. The Hanki nson fornula is:

N = Po
Psin’f + Q cos?6

where N is the design value for the main nenber; P and Q are,
respectively, the tabul ated design values for a |oad applied
arallel to and perpendicular to the grain; and 6 is the angle
etween the direction of the wood grain in the main menber and
the direction of the load in the side nenber. (See Figure 4-3.)

Q:

S\

Direction of
wood grain —
in main
member

{

FI GURE 4-3

Direction of | oad
in side member
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The design values in Table E-1 are based on square posts. For
round post, use as the main nmenber thickness the side of a
square post having the same cross-sectional area as the round
post used.

When appropriately sized steel bars or shapes are used as

di agonal bracing, the tabul ated design values for main nenbers
| oaded parallel to the grain (P value) are increased 75 percent
for joints made with bolts |/2 inch or less in dianmeter; 25
percent for joints nmade with bolts I-1/2 inches in dianeter;
and proportionally for internediate dianmeters. No increase is
allowed in the tabul ated val ues for perpendicular-to-grain

| oading (Q val ue).

4-3.04B Design Procedure

Desi gn values shown in Table E-1 are directly aﬁplicable only to
three-nmenber joints (bolt in double-shear? in I ch the side
nmenbers are each one-half the thickness of the main nmenber.

This joint configuration is not tyﬁical of bridge fal sework
where side menbers are usually nmuch smaller than main nenbers
and where two-nenber joints (bolt in single shear) are common,

Ful | -scale |l oad tests on bolted connections carried out at the
California Departnent of Transportation research facility
reveal ed that the industry design procedure for two-nmenber
joints, which assunes a single-shear |oad factor of 0.50, is
overly conservative for falsework nenbers. A factor of 0.75 was
found to be a nore realistic value for fal sework requirenents.

In view of this, the procedure adopted by the Division of
Structures uses a shear factor of 0.75 when evaluating the
adequacy of two-nmenber bolted connections as explained in the
follow ng section.

4-3.04B(1) Two- Menber Connections

Figure 4-4 shows a typical two-nmenber bolted connection in which
the side nenber is |oaded parallel-to-grain and the main nenber
Is |oaded at an angle to the grain.

For a two-nenmber connection, the connector design value is the
| essor of the design values for the side and main nenber deter-
mned in accordance with the foll ow ng:

e For the side menber, the design value is three-fourths of
the tabul ated design value (TDV) for a piece twice the
t hi ckness of the side nmenber. To find the tabulated design
value, enter Table E-1, Colum P, with a nenber twice the
t hi ckness of the side nenber.

SI DE MEMBER DESI GN VALUE = (0. 75) (TDV)
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B -_/.:7
TWO- MEMBER BOLTED CONNECTI ON

FI GURE 4-4

o For the main nenber, the design value is three-fourths of
the val ue obtained fromthe Hankinson formula using the
tabul ated parallel-to-grain (P_value? and per pendi cul ar-to-
grain (Q value% design values in Table E-1 for a piece the
t hi ckness of the main nember.

MAIN MEMBER DESI GN VALUE = (0.75)PQ
Psin?f + Qcos?@

where P and Q are, respectively, the tabul ated design
values for a load applied parallel to and perpendicul ar

to the grain, and 6 1s the angle between the main and side
menbers.

The design procedure discussed in the preceding paragraphs is
valid only when the direction of the load is perpendicular to
the axis of the bolt. If the |oad acts at an angle to the bolt
axis, as will be the case with longitudinal bracing when fal se-
work bents are skewed, the design values nust be determ ned
using a single-shear factor of 0.50, rather than the 0.75 factor
used when the load is perpendicular to the bolt axis. For this
condition, the design value fornulas becone:

MAIN MEMBER DESI GN VALUE

(0.5) (TDV)
(0. 50) PQ

Psin?f + Qcos?

MAIN MEMBER DESI GN VALUE

4-17 Revi sed 06/ 95



CALI FORNI A FALSEWORK MANUAL

4-3.04B(2) Three-Menber Connections

Figure 4-5 shows a three-nenber connection in which the side
menbers are |oaded parallel-to-grain and the main nmenber is

| oaded at an angle to the grain. In a three nenber connection,
each side nenber connection functions as an independent two-
menber connection. The all owabl e connector design value for
each side nenber is determned individually in accordance with
the previously described procedure for two-nenber connections.

AL

g ; %

f-—- —  k—

._.1

.

- O

THREE- MEMBER BCLTED CONNECTI ON

FI GURE 4-5

4-3.04C Installation Requirenents

Al though installation is primarily a construction concern, the
design review should verify that bolt installation will meet the
followng industry criteria for end and edge distance:

» For parallel-to-grain |oading, the mninmm end distance for
full design |load shall be:

(a) In tension, 7 times the bolt dianeter

(b) In compression, 4 tines the bolt dianeter

« For perpendicular-to-grain |oading, the mninum end
di stance shall be 4 tines the bolt dianeter
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o For parallel-to-grain loading in tension or conpression,
Ehe edge distance shall be at least 1.5 times the bolt
i amet er.

o For perpendicular-to-grain |oading, the edge distance
toward which the load is acting shall be at |east 4 tines
the bolt diameter and the distance on the opFosite edge
shall be at least 1.5 bolt diameters. Wen [oad reversa
occurs, as will be the case for diagonal bracing in tinber
franmes, 4 bolt diameters will be needed at both edges.

See Chapter 9 for additional information on fabrication of
bol ted connections and installation of bolts.

4-3.04D Multiple-Bolt Connections

Wen two bolts are used in a connection, the total connector
gﬁpa0|ty is the sum of the design values of the two individual
olts.

Wien two bolts are used, they nust be set on the axis of the
side nmenber. The m ninum di stance (spacing) between the bolts
le4 ﬁ|ﬁes the bolt -dianeter, neasured center-to-center of the
olt holes.

When nore than two bolts are used to connect tinmber nenbers,

i ndustry guidelines inpose additional requirenents that nust be
followed In the design. These guidelines, to the extent they
are applicable to falsework construction, are discussed in
Aﬂpendix E. Appendix E also includes exanple problenms show ng
the design procedure for nmultiple-bolt installations.

4-3.05 Lag Screw Connection ®

Design values for lag screws for both withdrawal and |ateral
| oading may be found in Tables E-2 and E-3 in Appendi x E.

The tabul ated values apply only when the lag screwis installed
in a properly sized predrilled hole. (See Chapter 9.)

°As a point of interest, note that |ag screws, or lag bolts
as they are sonetines called, are not "bolts" in the connnnlﬁ
under st ood neanin% of the term Lag screws are pointed on the
end opposite the head and have a screwtype thread. In a |lag
screw connection, the lag screw penetrates into but not through
the main menber. Bolts have a constant dianeter and are
uniformy threaded to receive a nut. In a bolted connection
the bolt wll extend through all nenbers. Because of their
superior performance characteristics, bolts are assigned a nuch
gigher fastening value than |ag screws of the sanme nom na
i amet er.
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For withdrawal resistance, the tables show the w thdrawal val ue
in pounds per inch of penetration of the threaded part of the
lag screw into the side grain of the nenber hol ding the point,
wth the axis of the screw perpendicular to that nenber.

For end-grain wthdrawal, the allowable design value may not
exceed 75 percent of the corresponding value for wthdrawal from
side grain.

For lateral |oad resistance, the tables |ist design values for

| oads applied both parallel and perpendicular to the direction
of the wood grain. Wen the load is applied at an angle to the
grain, as is the case with falsework bracing, the design val ue
I's obtained fromthe Hankinson fornula. (See discussion in
Section 4-3.04A, Design Val ues.)

The tabul ated | ateral |oad design values apply only when the |ag
screw is inserted into the side grain of the nenber holding the
point. If for a particular use, a lag screwis inserted into
the end grain of the main nenber, the design value is 2/3 of the
va:u% shown for a |oad acting perpendicular to-the grain (the Q
val ue).

I ndustry standards require the spacing, edge and end distances,
and net section for lag screw connections to conformto the
requi rements for bolted connections nade with bolts having a
di aneter equal to the shank dianeter of the lag screw.

4-3.06 Drift Pin and Drift Bolt Connections

Drift pins are steel rods cut to any desired length. Drift
bolts are steel rods manufactured with a bolt head on one end.
Typically, these fasteners are used to connect |arge nmenbers,
such as caps and posts in a tinber bent.

When drift pins or drift bolts are used at |ocations where the
connection Is subject to analysis, the required penetration wll
be determ ned as provided in this section.

4-3. 06A Lateral Resistance

| n accordance with industry standards, the lateral resistance
design value of a drift pin or drift bolt inserted into the side
grain of a wood nenber may not exceed 75 percent of the design
value for a common bolt of the sane dianeter and length in the
mai n menber.
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The tinber industry has not established design values for drift
ins or bolts inserted into the end grain of a nenber, as would
e the case for a fal sework cap-to-post connection. For this

type of connection, Division of Structures policy limts the

| ateral |oad-resisting capacity to 60 percent of the allowable

side grain load (perpendicular to grain, or Qvalue) for an

equal dianeter bolt wth nut. To develop this strength the
drift pin or bolt should penetrate at least 12 dianmeters into
the end grain.

4-3. 06B Wthdrawal Resistance

Wthdrawal resistance is a function of several factors, such as
the diameter of the drift pin or bolt, the Iength of penetration
into or through a nmenber, and the density of the wood. However,
the tinber industry has not adopted specific design val ues for

w thdrawal . Rather, the recognized industry standard is that
drift pins or drift bolts subject to wthdrawal |oading are to
be "...designed in accordance wth good engi neering practice?
gfron1h%tional Desi gn Specification for Wod Construction, 1991
Edition.

In the absence of industry-wide criteria, the follow ng fornul as
devel oped by the U S. Forest Products Laboratory may be used to
estimate the withdrawa. resistance of drift pins and bolts. The
fornmul as shown are applicable to Douglas-Fir Larch.

For withdrawal from side grain:
P = 186D%

For withdrawal from end grain:
P = 8sp*

In the fornmulas, P is the allowable wthdrawal |oad in pounds
perdln?h gflpenetratlon, and Dis the dianeter of the drift pin
or drift bolt.

Val ues obtained fromthe formulas are for normal duration of
| oad, and shoul d be increased pursuant to the provisions in
Section 4-3.07, Adjustnent for Duration of Load.

For installations where the Penetration of adrift pin or drift
bolt is into the end grain of the holding nmenber and through the
side grain of the nenber being held, as is typical of a cap and
post or pile connection, the penetration into the end grain
shoul d provide a withdrawal resistance sufficient to develop the
side grain withdrawal resistance of the nenber being held.
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4-3.07 Adjustment for Duration of Load '

Desi gn val ues shown in Tables E-I through E-8 are for nornal
| oad durations and may be increased for short-duration |oading.

Sel ecting the proper duration-of-load factor to use in the
calculations is a matter of engineering judgnent. Reference to
the duration of |oad grth in Figure 4-6 indicates that a factor
of 1.25 will be applicable to nost fal sework designs, since

fal sework is seldom subjected to maxi mum | oading for nore than
seven days. For |oads of shorter duration, such as wind, a

| arger factor would be appropriate. For stage construction
where the falsework will remain |oaded for an appreciable Iength
of time, a lower factor may be appropriate.
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FI GURE 4-6

" The adjustnent for duration of load as discussed in this

section applies only to design values for tinber connectors,
such as nails, bolts and lag screws. Allowable stresses for.
timber and structural steel conponents used in the connection,
as set forth in the specifications, are maxi nunms and thus nay
not be increased even though the actual duration of load in a
given situation may be |less than the assunmed duration
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For normal falsework construction, Division of Structures policy.
Wwll permt the use of the follow ng duration-of-load factors:

e a factor of 1.25 when the falsework design is governed by
the mninmum|oad (two percent of the design dead |oad),

e a factor of 1.33 when the design is governed by the w nd
| oad.

e a factor of 2.0 (inpact |oading) for design of the sill-
t o- base, post-to-sill, cap-to-post and stringer-to-cap
connections at traffic openings. (See Chapter 8.)

If the falsework will remain |oaded for a relatively |onger
period, such as cast-in-place prestressed construction where
stressing wll be delayed or stage construction sequences for
any type of concrete structure, the use of a smaller duration
of load factor may be appropriate.

Section 4-4 Steel Menbers

4-4.01 Allowable Stresses

The maxi mum al | owabl e stresses and other design criteria in the
specifications are based on the assuned use of structural steel
conformng to ASTM Grade A36. This assunption is reasonable for
beans and ot her sections commonly used in fal sework construc-
tion, including unusual sections such as old railroad car beans
and beans sal vaged from di smantled bridges or buildings, because
these ol der sections were rolled from G ade A7 steel. The

physi cal properties of former G-ade A7 steel are simlar to the
properties of the G ade A36 steel being produced today.

The specifications permt the use of higher working stresses for
ot her grades of steel for all |oading conditions except flexural
conpression, provided the grade of steel can be identified.

| dentification is the contractor's responsibility, subject to
verification by the engineer. (See Chapter 9.)

Al t hough the Sﬁecifications al | ow hi gher working stresses when
hi gher strength steels are used, it should be noted that the

| oad-carrying capacity of steel beans will, in nost cases, be-
l[imted by deflection, not stress. Wen deflection controls,
the use of high-strength steel will not be on any benefit since
the limting deflection cannot be increased.

Hi gh-strength steel beans may provide a greater |oad-carrying

capacity in situations where beanms are subjected to bi-axial
bendi ng.
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4-4.02 Bending Stresses

The bending stress fornulas are:
f =M/l or f = MS

where f is the bending stress, Mis the bending nonent, c is the
di stance fromthe neutral axis to the extrene fiber, | is the.
moment of inertia of the beam about the neutral axis, and S is

t he beam secti on nodul us.

|f the conpression flange is supported, these formulas may be
used to determ ne the section needed to carry the applied |oad
for a beamin which bending occurs in the vertical plane only.
However, bridge falsework differs from nost other construction
in that fal sework beanms are usually set perPendicuIar to a

su ?orting cap, and the cap is placed parallel to the bridge
soffit rather than level. This construction configuration
causes the beamto deviate froma true vertical plane by an
angle which is equal to the soffit cross slope, and the result
Is bi-axial bending in the beam Bi-axial bending is discussed
in the follow ng section.

|f the conpression flange of a beamis not supported, the
maxi mum al | owabl e bendi ng stress nust be reduced to prevent
fl ange buckling. (See Section 4-4.04, Flange Buckling, for
addi tional information.)

4-4.03 Bi -Axial Bending

Figure 4-7 shows a beam set on a sloping surface. For such
beans, the theoretical centroid of the applied load P acts on
the top flange through the projected centerline of the web,
rather than through the center of gravity of the canted beam
Wien a vertical load is applied to a canted beam the load is
divided into two conponents: one acting through the web and one
acting along the top flange. This |oading condition produces
bi -axial bending (i.e., bending in two planes) which decreases
the load a given beamis able to carry. The decrease in beam
capacity is a function of beam shape and soffit cross slope, and
it cannot be determ ned by inspection. Accordingly, the effect
of bi-axial bending nmust be investigated in all cases where

fal sework beans are not set in a true vertical plane.

Wien a beamis set on a sloping surface, the |oad conponent
actin? along the top flange causes the flange to deflect in the
downsl ope direction. For nom nal cross slopes, this |ateral
deflection is small and may be negl ected. As the cross slope

i ncreases, however, the lateral deflection increases as well,
and eventual |y beconmes a factor for consideration since it can
adversely affect both form alignnment and reinforcing steel

cl earances.
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FI GURE 4-7

For analysis of bi-axial bending, Division of Structures policy
provides for consideration of l[ateral deflection in all cases
where the fal sework beamis canted nore than 2 percent.

Exanpl e Problem 16 in Appendix D illustrates the procedure
for calculating stresses and deflections in beans subject to
bi - axi al bendi ng.

4-4.03A Beans Canted 2 Percent or Less

Refer to Figure 4-7 and note that for any beam subject to bi-
axi al bending, the maxi mum bending stress (f,) is the sumof the
bending stresses in the x and y directions. The follow ng
formul as may be used to calculate £, based on the noments of
inertia of the non-rotated section and the rotation angle ¢.

f, =M _Y_sincp + _X_coscp
Txx Lyy

I, = Isin% + I, cos’

I, = Icos’ + I,sin%

Cal cul ate the actual vertical deflection by using the nmonment of
inertia about the 3-3 axis (I,) in the deflection equation. As
previously noted, for this case the lateral deflection my be
negl ect ed.

As an alternative procedure, stresses and deflections may be
determined with respect to the strong X-X and weak Y-Y axis by
using the X and Y conponents of the applied |load P. (See the
exanpl e problemin Appendix D.)
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4-4. 03B Beans Canted Mbre Than 2 Percent

The maxi num bendi ng stress and vertical deflection are conputed
in accordance with the procedure for beans canted 2 percent or

| ess as discussed in the preceding section. In addition, for
box girder structures, it is necessary to evaluate the effect of
| ateral deflection as discussed herein.

For box girder structures, the net lateral deflection of false-
wor k beans under the weight of the bottom slab and girder stens
only is limted to 1.5 inches. This policy limtation is

consi dered necessary to mtigate the adverse affect of |ateral
nmovenent during the soffit and girder stem concrete pour on form
alignment and reinforcing steel placenent and cl earances.

Refer to Figure 4-8, which is a schematic depiction of the.
movenent of a point (Point A) on the top flange of a beam which
IS subject to bi-axial bending as it deflects under |oad.

AD = vertical deflection = a4,
DB = |ateral deflection = Ay
CB = net |ateral deflection
= DB - DC
DC = AD(tan90° - ¢)
FI GURE 4-8

The novenent of point A to point B depicted in Figure 4-8 is the
conbi ned vertical and lateral deflection of the bottom slab and
stens of a box girder structure as the concrete is placed.

Wi le the vertical deflection can be conpensated for by canber
strips, the lateral deflection DB wll displace the bottom slab
and stens from the planned alignnent (line AE) by the distance
CB, which is the net |ateral deflection. The net deflection is
l[imted to 1.5 inches maxi mum

For the lateral deflection calculation, the vertical load is the
dead | oad weight of the concrete in the soffit slab and girder
stens. Use the conponent values of the vertical load to deter-
m ne beam defl ecti ons about both the X-X and Y-Y axis.
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4-4 04 Flange Buckling

The conpression flange of a beam may be visualized as a columm

| oaded along its Ien?th by increnents of load transferred to it

by horizontal shear fromthe web. If the conpression flange is
narrow conpared to the depth of the beam the flange may fail by
buckling in somewhat the same manner as a sl ender col um.

Al t hough nethods for determining the critical buckling stress
are quite conplex, in steel menbers many sinplifications are
possi bl e. Generally, the enmpirical fornulas used are simlar to
colum formul as, except that the flange width "b" is used
Instead of the radius of gyration.

The formula in our specification is:

12,000,000

f (maximum) = T3/t

but not nore than 22,000 psi for unidentified steel or
steel conformng to ASTM Desi gnation A36, nor nore than
0. 6F for other identified grades of steel where ¥ is the

m ninum yield stress.

In the formula, L is the laterally unsupported length, dis
the depth of the nenber and bt is the area of the conpression
flange. Al dinensions are in inches. This fornula gives the
maxi mum al [l owabl e fiber stress in the beam If the actua
stress exceeds the allowable, the flange nust be supported or
the | oad reduced.

It is difficult to determ ne how nuch |ateral support may be
devel oped by other falsework nenbers. For exanple, friction
between the joists and top flange of a beamw || provide sonme
restraint, but the ampunt is indetermnate. As a matter of
policg, therefore, friction between the joists and top flange
w || be neglected when investigating flange buckling.

Since it is inpossible to predict the direction in which the
conpression flange will buckle, it is necessary to provide
positive restraint in both directions. This is an inportant and
often overl ooked point. For exanple, the use of a tension tie
bet ween two adj acent beanms or welding a light structural steel
shape (such as a bar or angle) across the top flange of several
beans Wi |l not prevent |ateral novenment. Such neasures nerely
assure that all beans deflect in the same direction. Even when
tension ties are used in conbination with a conpression strut,
|ateral restraint is not-effective because the restraining
conponents cannot assure that the beanms will act as a unit when

a lateral force is applied.
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Ti mber cross-bracing between adjacent beans is w dely-used

for flange support 1n falsework construction. In this nmethod
tinber struts, in pairs, are set diagonally between the top
flange of one beam and the bottom flange of the adjacent beam
to forman X, and securely wedged into place. However, tinber
cross-bracing alone will not prevent flange buckling because
tinmber struts can resist only conpression forces.

Perhaps the nost effective flange support nethod uses steel
tension ties welded, clanped or otherw se secured across the top
and bottom of adjacent beans in conbination with tinber cross-
braci ng between the beans, as shown in Figure 4-9.

Tension tie (top and bottom)
g or banding

Y
|
=)=

y/ v/ T' v/ a7
|

V/ A/ A/ A/ 4

#\\\\1 RN\ N #

FI GURE 4-9

Many contractors use commercial steel banding material wapped
around pairs of adjacent cross-braced beans. Steel banding is

| ess expensive and easier to install and renove than other types
of tension components, but banding is not effective unless it is
properly installed and tightened. Furthernore, when banding is
used as part of a flange support system some nmeans nust be
provided to prevent an abrupt bend or kink at the point of
contact with the outer edge of the beamflange. This is an

I nportant consideration because any kink or sharp bend in
commercial banding is, potentially, a point of stress concentra-
tion which can reduce the strength of the banding material. The
use of softeners will reduce this stress concentration

Keep in mnd that steel banding is a commercial product. |If
there is any question as to the adequacy of banding installed in
a given situation, the contractor should be required to furnish
manuf acturer's catalog data and instructions for use.
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Bracin?, bl ocki ng, steel banding, ties, etc., required for
| at eral support of beam flanges nust be installed at right
angles to the beam Bracing 1n adjacent bays should be set in
the same transverse plane, if possible. If, because of skew or
ot her considerations, it is necessary to offset the bracing in
adj acent bays, the offset distance should not exceed tw ce the
depth of the beam

Finally, when investigating flange buckling, keep in mnd that
only a snmall force is needed to hold the conpression flange in.
position. In steel design for permanent work, it is common
Practice to use an assuned value of two percent of the cal cu-

ated conpression force in the beam flange at the point under
consideration as the design force for the supporting brace, and
this practice will be acceptable for bridge fal sework.

Provi di ng adequate flanﬁe support, when support i s necessary to
prevent overstressing the conpression flange, is an inportant
desi gn consideration. The nethod of support, including al
construction details, nust be shown on the fal sework draw ngs.

4-4. 05 Beam Shear

The shearing stress at any point in a steel beamis calcul ated
;ronnthe general fornula for shearing stress. The genera
ormula is:

v =VQIlb

where v is the shearing stress on any given horizontal section
or plane through the beam V is the vertical shear, Qis the
statical nonent about the neutral axis of that portion of the
beam cross-section-which is outside of the plane where the
shearing stress is wanted, | is the monent of inertia of the
entire cross-section, and b is the wdth of the beam at the
poi nt under consideration.

Since the web of a steel beamresists nost of the shear, the
shearing stress is usually checked by the fornula:

v = V/ht

where h is the overall depth of the beam (out-to-out of the beam
flanges) and t is the web thickness.

|f a shearing stress occurs in one plane, an equal shearing
stress occurs in a plane through that point perpendicular to the
first plane. Therefore, the shear fornula may be used to deter-
m ne both vertical and horizontal shearing stresses.
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4-4. 06 _Web Cippling

Rol | ed beans should be checked to see that the end reaction

and/ or any concentrated |load along the interior of the beam does
not produce a conpressive stress at the web toe of the fillet in
excess of the allowable stress of 27,000 psi.

The followng fornulas are used to check web crippling:

For end reactions,

R
f = -
(a+k) t,
For interior |oads,
R
f = ———————
(a+2k) t,,

In the fornulas, f is the stress, in psi; Ris the concentrated
| oad or end reaction, in pounds; t, 1S the web-thickness; k is
the distance fromthe outer face of the flange to the web toe of
the fillet; and a is the length of bearing, but not less than k
for end reactions. Al dinmensions are in inches.

|f the actual value exceeds the allowable, the web nust be
stiffened or the length of bearing increased,

VWen rolled beans require bearing stiffeners to prevent web
crippling, the stiffeners may be designed to resist only the
portion of the total load that is in excess of the |load the beam
I's capable of resistitig wthout stiffeners.

4-4.07 Steel Posts and Col umms

The specified colum formula limts the design axial load to
that which will not produce an average unit stress exceeding

L2
- 16, 000 - o.38(5)

> o

In the fornula, r is the radius of gyration of the section and L
is the unsupported length. The limting L/r value is 120.

In a colum with pinned ends and no internediate support, L is
the actual length. Colums wth other end conditions require
the use of an effective length instead of the actual |ength.
The effective length is the length of colum which actually
behaves as though it were pinned.
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Determning the effective length of a colum with restrained end
conditions is an unnecessary refinenent for falsework design.
Accordingly, it is accepted practice to treat colums in false-
work bents as though they were pin-connected, which is conserva-
tive for colums with end restraint.

4-4.08 Steel Bracing

For bolted connections, the bolt design values may be taken from
the Al SC Manual of Steel Construction, In accordance wth Al SC
design practice, the calcul ated bearing stress on the projected
area of the bolt in steel nenbers nmay not exceed 1.35 tines the
specified yield strength of the steel. For A36 G ade material,
the allowabl e bearing stress is 48,600 psi. This value may not
be increased for falsework construction

The strength of fillet-welded connections may be approxi mated by
assum ng a value of 1000 pounds per inch for each |/8-inch of
fillet weld. While this value would be considered conservative
for permanent work where welding is perfornmed under controlled
conditions, it is realistic for the welding procedures comonly
used for falsework construction

|f the design of the connection is based on a higher weld val ue,
wel ding nust conformto the quality standards associated wth
per manent construction. (See Field Wlding in Chapter 9.)

Structural steel conponents (angles, bars, etc.) are sonetines
used as diagonal bracing in tinmper bents. In such cases, the
bolt design values for parallel-to-the-grain loading in the nmain
menber may be increased as discussed in Section 4-3.04A Design
Val ues, No increase is allowed for perpendicular-to-the-grain

| oadi ng, however.

4-4.09 M scell aneous Steel Conponents

The adequacy of mscellaneous conponents (such as anchor bolts,
col um base pl ates, grillages, hangers, tie bars and simlar
steel conponents) and hardware itens, when used at |ocations
subLect to analysis but not specifically covered by the Fal se-
work Manual, will be determned in accordance wth applicable
desi gn procedure or reconmmended practice included in the Al SC

Manual of Steel Construction.
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Section 4-5 Cable Bracing Systens

4-5.01 Introduction

As used in this manual, the term "cable bracing systenl nmeans a
length of wire rope cable and an appropriate fastening device.
Cabl e bracing systems nmay be used to resist both overturning and
col l apsing forces. (See Chapter 5 for a discussion of overturn-
ing and col |l apse as fal sework failure nodes.)

Cabl e systens are particularly effective in resisting the
overturning of hi? fal sework, and when used for this purpose
they are relatively inexpensive as conpared to other bracing

nmet hods. Cable is al so used extensively as tenporary bracing to
stabik}ze fal sework bents while they are being erected and/or
removed.

Less common is the use of cables as diagonal bracing to resist
internal collapse of a fal sework bent. Design of cable systens
to resist internal collapse is a highly sophisticated exercise,
particularly with respect to such factors as the anticipated
cabl e el ongation, the amount of preloading or cable tension
needed, the effect of cable tension on other falsewrk nmenbers,
and simlar factors which affect systemstability.

Division of Structures policy wth respect to the use of cable
bracin? systens, and the procedures and nethodol ogy to be used
by field engineers when review ng the adequacy of cabl e designs,
are discussed in the follow ng sections.

4-5.02 Required Information for all Cable Systens

When cable bracing is used, the cables and cable fastenin
devices are an essential part of the fal sework design.

el enents of the cable bracing system nust be shown on the false-
work drawings in sufficient detail to permt a stress analysis.
In addition, the contractor must provide technical data show ng
the strength and physical properties of the cable to be used.
(See Manufacturer's Technical Data and Required Cable Design
Data in Sections 4-5.03 and 4-5.07B, respectively.)

The following information is to be shown on the fal sework draw
ings for all cable systens:

e The cable dianmeter and, for internal bracing systens, the
prel oad val ue.

e« The type and nunber of fastening devices (such as Crosby
clips, plate clanps, etc.) to be used at each connection.
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e The method by which the cables may be tightened after
installation, if tightening is necessary to ensure their
continued effectiveness.

o For cables designed to resist overturning forces, the cable
anchorage nust be shown. (See Section 4-5.09, Cable Anchor
Systens.)

e The location and nmethod of attachnent of the cable to the
fal sework nust be shown. This is a particularly inportant
feature of the design, since the connecting device nust
transfer both horizontal and vertical forces tg the cable
W t hout overstressing any fal sework conponent.

4-5.03 Manufacturer's Technical Data

For application of the fal sework specifications, a cable bracing
system (i.e., the cable together with cable fastening devices)

is a manufactured assenbly. Accordingly, the cable nust be
installed in accordance with the manufacturer's recomendati ons,
and the contractor nust (if requested) furnish manufacturer's
techni cal data.

For all cable systens, technical data fromthe manufacturer nust
include either the breaking strength (which nmay be identified as
a rated or nomnal strength) or the safe working |oad of the
cable, the cable diameter, and enough descriptive information
(nunber of strands, nunber of wires per strand, core type, etc.)
to identify the cable in the field. Additional information is
needed when cable is used as diagonal bracing to prevent the
col | apse of a falsework bent. (See Section 4-5.07, Review
Criteria for Internal Cable Bracing SYstenB.) Manuf acturer's
technical data is also required for all cable fastening devices
(Crosby clips, turnbuckles, shackles, etc.)

Since the adequacy of a cable bracing design cannot be verified
w thout reference to the technical data provided by the cable
manuf acturer, such data is an essential part of the fal sework
drawing submttal. In any case where fal sework dramjn?s show ng
a cable bracing system are not acconpani ed by technical data
fromthe cable manufacturer, the contractor should be inforned

i nredi ately. Pursuant to Division policy, any fal sework draw ng
submttal requiring technical data is not conplete until such
data is provided. (See Chapter 2.)

® Wen cables are used to prevent overturning of heavy duty
shoring, cable restraint nust be designed to act through the
cap system Cables should not be attached to tower conponents
unl ess the contractor has obtained witten authorization from
the shoring system manufacturer. Such authorization nust be
furni shed before the drawi ngs are approved. (See Chapter 6.)
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Figure

NOOObAE LN

WIRE ROPE CONNECTIONS

(As compared to Safe Loads on Wire Rope)

Type of Connection Efficiency
Wire ROPE - - - - o oo 100%
Sockets - Zinc Type - - - o 100%
Wedge Sockets . .. ... .. ... ... ... .. ... 0%
Clips - Croshy Type - . - . . . . . ... . ... ... ... 80%
Knot and Clip (Contractors Knot) - . ... ......... 50%
Plate Clamp - Three Bolt Type - . .. .. ... ... . ... 80%
Spliced Eye and Thimble:
/4" and smaller . ... ... ... ... ...... 100%
3/8" to 34" ... 96%
7/8" to 1" ... 88%
1-1/8" to I-1/2" . .. ... ... 82%
1-6/8" to 2" . ... 75%
2-1/8" and larger . ............ ... ... 70%

TABLE 4-1
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In the absence of technical data, a |oad test will be required
to establish cable strength and physical properties. (See
Section 4-5.08, Cable Load Tests.)

4-5.04 Cabl e Connector Desiagn

Cabl e connectors shall be designed in accordance with criteria
shown in Table 4-1 and Table 4-3. Connector efficiency assuned
in the design shall not exceed the values shown in Table 4-1.

If Ubolt (Crosbhy Eype) wWre rope clips are used as connectors,
t he nunber used and the spacing nmust conformto the data shown
in Table 4-3, and nust be shown on the drawi ngs. Note that
forged clips have somewhat greater holding strength. Forged
clips are marked "forged" to permt positive identification, and
have the appearance of gal vanized netal. Malleable cable clips
appear snmooth and shiny.

4-5.05 Cabl e El ongation

Wre rope cable is an elastic material; conse%uently, it wll
el ongate or stretch when | oaded. However, cable is a unique
elastic material in that its elongation is not uniform through-
out the elastic range. Additionally, it is subject to inelastic
deformation at |oads well below the yield strength,

For descriptive purposes, the cable industry identifies the two
Broperties that contribute to the total elongation experienced
y a cable during its service life as "elastic" stretch and
"constructional" stretch

I n general, cable elongation will not be a fal sework design
consideration for cable used as 'external bracing to prevent
overturning of the fal sework systemor a system conponent.
However, to ensure systemstability, cable elongation nust be
consi dered when cable is used as internal bracing to prevent
frame coll apse, as discussed in Section 4-5.07, Review Criteria
for Internal Cable Bracing Systens.

4-5.06 Review Criteria for External Cable Bracing Systens

4-5. 06A Cabl e Desiagn Load

When cables are used as external bracing to resist overturning,
the horizontal design load to be resisted by the cable bracing
system wi || be calculated as follows:

e \When used with heavy-duty shoring, cable bracing shall be
designed to resist the difference between the total over-
turning nonent and the resistance to overturning provided
by the individual falsewrk towers. (See Chapters 3 and 5
for overturning considerations.).

4-35 Revi sed 06/ 95



CALI FORNI A FALSEWORK MANUAL

WIRE ROPE CAPACITIES

Safe Load in Pounds for New Iimproved Plow Steel Hoistung Rope
6 strands of 19 wires. Hemp Center

(SAFETY FACTOR Of 6)

DIAMETER WEIGHT SAFE LOAD DIAMETER WEIGHT SAFE LOAD
INCHES LBS/FT LBS. INCHES LBS/FT LBS.

114 .10 1.050 1 1.60 15. 000

5/ 16 .16 1.500 5-1/8 2.03 18. 600

38 .23 2.250 I-114 2.50 23.000
7116 31 3.070 1-3/8 3.03 26.900

12 .40 4.030 1-1/2 3.60 30.700

9/ 16 .61 4. 840 |-6/8 4.23 36.700

6/8 .63 6.330 1-3/4 4.90 41, 300

TABLE 4-2

APPLYING WIRE ROPE CUPS

The only correct methnod of attatching U-bolt wire rope clips to rope ends is shown in the illustration. The base (saddle) of the clip bears
against the live end of the rope, while the "U" of the bolt presses against the dead end. A useful method of remembering this is: "You
never_saddle a dead horse.

The clips are usually spaced about six rope diameters apart to give adequate holding power. A wire-rope thimble should be used in the
100p eye to prevent kinking when wire rope clips are used. The correct number of clips for safe application, and spacing distances, are
shown in the table below.

NUMBER OF CLIPS AND SPACING FOR SAFE APPLICATION

Number of Clips Minimum
improved Plow Steel Drop Other Spacing
Rope Diameter inches Forged Mazerial {inches)
D7 2 2 2 3 3
1 27 3 4 3-1/2
7 2 3 4 4
/e e e it i e et 4 5 4-1/2
21 Z 4 5 5-1/4
1 5 6 6
1-1/8 o 6 6 6-3/4
1-1/4 oo 6 7 7-1/2
1-3/8 7 7 8-1/4
1-172 7 8 9

TABLE 4-3
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e When used with pipe-frane shoring, cable bracing shall be
designed to resist the difference between the total over-
turning nonent and the resistance to overturning provided
by the shoring system as a whole. (See Chapter 6 for
anal ysis of pipe frane shoring systens.)

o« When used as external bracing to prevent overturning of all
other types of fal sework, including tenporary bracing used
to stabilize fal sework conponents during erection and/or
renmoval , cable bracing shall be designed to resist the
total overturning nonent.

4-5. 06B Determ ning Allowabl e Wrking Loads

The maxi mum al | owabl e | oad to be carried by a given cable wll
be determned in accordance with the following criteria:

e If the cable is new or in uniformy good condition, and if
it can be identified b% reference to a manufacturer's
catalog or simlar technical publication, the allowable
cable load will be the breaking strength-of the cable as
shown in the manufacturer's catalog, nultiplied by the
efficiency of the cable connector, and divided by a safety
factor of 2. (That is, allowable working |oad = breaking
strength x connector efficiency + safety factor.)

Wiile the technical data provided by the manufacturer wl|
in nost cases show the breaking (or nomnal) strength of
the cable; some manufacturer's catal ogs show only a recom
nmended safe working load. Should this be the case, the
cabl e design |l oad may not exceed the safe working | oad
val ue, unless the contractor elects to performa |oad
test.

e |f the cable is used and still in serviceable condition
but a manufacturer's catalog is not available, the con-
tractor nag elect to performa load test. In such cases,
the all owabl e working | oad shall not exceed the breaking
strength as determned by the load test, nmultiplied by the
cpngector efficiency factor, and divided by a safety factor
of 2.

"It s I mportant to note that, for a given cable, the safe

wor ki ng | oad recommended bY the manufacturer will be consider-
ably less than the allowable | oad determ ned from the breaking
strength of the cable. This is the case because the recomended
safe working load wll be based on a safety factor of 5:1 or
nore in consideration of the dynamc |oading to which cable is
ordinarily subjected, rather than the 2:| safety factor which is
apPropriate for the static |oading condition associated with

fal sework construction.
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«|If the cable is used and still in serviceable condition,
and if the contractor does not performa |load test, the
al |l owabl e working | oad shall not exceed the wire rope
capacity shown in Table 4-2 multiplied by the cable
connector efficiency.

4-5.07 Review Criteria for Internal Cable Bracing Systens °

4-5.07A Limtations and Conditions of Use

Division of Structures policy limts the use of internal cable
bracing systens to single tier falsework bents where the cable
is fastened to the bent cap and sill beam The use of cable to
provide frane rigidity in nulti-tiered bents, or in any bent
where the cable is attached to a post or colum, wll not be
permtted. (See Chapter 5 for definitions of single and nulti-
tiered bents.)

For analﬁsis of single tier cable systens, Division policy
l[imts the calculated horizontal deflection to a maxi num val ue
nunerically equal to one-ei%hth inch per foot of post height,
but not nore than one-fourth of the post w dth neasured al ong
the cap or sill beam or in the case of pipe colums, not nore
than one-fourth of the dianeter of the pipe colum.,

Limting the horizontal deflection is necessary to prevent
undesirable frane distortion, and to ensure that the vertical

| oad reaction remains within the base wdth of the post or pipe
colum. The limting values in the preceding paragraph assure
this objective

The cal cul ated horizontal deflection nmust be based on cable
el ongation due to both elastic and constructional stretch, as
di scussed later in this section.

When used to provide internal stability in a tinber bent, the
cable nust be attached to the tinber menbers with an appropriate
fastening device installed in accordance with the nmanutfacturer's
recomendat i ons. Because of the need to accurately predict the
amount of lateral deflection in the system Division policy does
n%% permt internal cable bracing to be | ooped around tinber

menber s.

- As used in this section, the termcable also neans and
i ncludes prestressing strand when prestressing strand is used
in an internal bracing system

1 Loopi ng of cables around tinber nmenbers, while prohibited in

internal bracing systems, is an acceptable practice when the
cable is used to prevent overturning, such as in |ongitudinal
and/ or tenporary bracing systens.
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4-5. 07B Requi red Cabl e Design Data

Wen cable is to be used as internal bracing, the technical data
acconpanyi ng the fal sework draw ngs must include the follow ng
i nfor mat I on:

e Cable description (including cable nom nal dianeter, nunber
of strands, nunber of wires per strand and core type,)

o« Wi ght of the cable.

o Breaking or nomnal strength.

e Net netallic area and nodul us of elasticity.

o Maxi mum constructional stretch (percent of |oaded |ength.)

12

4-5.07C Factor of Safety

As discussed el sewhere in this manual, the allowable (or design)
| oad-carrying capacity of a product or device, includln? cabl e
used to prevent overturning, is obtained by applying a tfactor of
safety based on the ultimate. strength of that-product or device.
See, for exanple, Section 4-5.06, Review Criteria for Externa
ble Bracing.) This approach is satisfactory for falsework
because, in general, systemintegrity will not be jeopardized by
inelastic deformation that may occur if a product or device is
subjected to a load that exceeds its yield strength, provided
the load is not greater than the ultinmate strength. However,
this practice is not appropriate for cable used as internal
braci ng because of the need to limt the total- cable elongation
to a predictable anmount. In view of this reality, when cable is
used as internal bracing for falsework, the allowable working
| oad nust be related to the yield strength of the cable.

Wiile a safety factor of 2 based on yield strength is consi dered
satisfactory for falsework, it is noted that industry standards
establ i shed b¥ the Wre Rope Technical Board require the-safe
working load tfor static |oading conditions to be determ ned
using a safety factor of 3 based on the nom nal (breaking)
strength of the cable. Since cables of the type used for

fal sework have a yield strength of approximately 65 percent of
the nomnal strength, the industry standard is consistent with
the use of a safety factor of 2 based on yield strength. In
view of this and to sinplify the cal culations, D vision of
Structures revi ew nmet hodol ogy uses a safety factor of 3 based on
the nom nal (breaking) strength when determ ning the design
capacity of the cable units.

> The Wre Rope Users Manual uses the term "nonminal" strength
to describe the nmaxinum | oad that a given cable may be expected
to carry, and this termmay be used by the manufacturer as well.
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4-5. 07D Cabl e Prel oadi ng

After assenbly, all cable units are to be preloaded to renove
any slack in the cable and connections. Preloading is necessary
to ensure that thg cable units will act elastically when the

| oads are applied.

Determ ni ng whether a given preload force is sufficient to
ensure that the cable bracing systemw || act elastically

i nvol ves a nunber of subjective considerations. In the past,
an arbitrary value of 1000 pounds has been commonly used as a
m ni mum prel oad force; however, the actual force needed to
renove cable slack is a function of both the |ength and wei ght
of the cable, and thus there is no single preload value that
w |l be appropriate for all installations.

To verify design adequacy, the Division of Structures uses the
rel ationship between preload force and the theoretical drape

of the cable hanging under its own weight. Refer to Figure 4-10
and note that dinension Ais the mdspan cable drape (i.e., the
drape at the mdpoint of the horizontal distance between cable
connection points.)

For any given preload value, the drape may be cal cul ated using
the Figure 4-10 forrmula. Pursuant to Division of Structures
policy, the preload force shown on the fal sework draw ngs mnust
tension the cable unit sufficiently so that the calcul ated cable
draPe, after the falsework is erected, wll not exceed the

foll ow ng val ues:

Cable Size Maxi mum Cabl e Drape (A)

3/8 Iy
| /2 2"
/2 2 3/4"

Experience has denonstrated that a preload force of |ess than
about 500 pounds may be insufficient to renove all cable slack.
Therefore, the mninmm prel oad val ue shall not be |ess than 500
pounds, regardl ess of other considerations.

" As used in this section, the term"cable unit" refers to all
cables acting to resist forces in the same direction, and the
term "cable" refers to each individual cable within the cable
unit.

" This fact should be obvious since the required preload force
for large dianmeter cables used in a high falsework bent will be
significantly greater than the preload force required for a bent
where the cable length is relatively short and small dianeter
cable is used.
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gx?

8Pcos$

In the equation:

Cable chord

Pre—loaded .
able Poth g = cable weight per foot

x= horizontal distance
bet ween cabl e
connection points

P = cable preload val ue

FI GURE 4-10

For bents where the top cap and bottomsill are not parallel, as
wi |l be the case when the cap is set parallel to the bridge
soffit, post height Variation will produce a non-symmetri cal
cabl e arrangenent wherein the opposing cable units wll have
different lengths, and thus difterent elongations under a given
prel oad force. However, the horizontal conponent of the cable
el ongation at the top cap connection nust be equal in both
directions to prevent distortion of the falsewdrk bent. This
nmeans that, except for symetrical cable arrangements, opposing
cable units wll have slightly different prel oad val ues.

Prel oad values are to be calculated by the contractor and shown
on the fal sework drawi ngs, along with the nmethod by which the
required preload force is to be measured.

4-5.07E  Deternining Cable Elongation ™

For a given installation and design |oad, the total cable
elongation is a function of two independent factors. These
factors are "elastic" stretch and "constructional" stretch.

El astic stretch is the result of the inherent elasticity, or
recoverabl e deformation, of the netal itself. Since the elastic
properties of a given cable can be determ ned, elongation due to
elastic stretch is predictable.

> The assunptions and design policy discussed herein are based

on recommendations and design standards in the Wre Rope Users
Manual , Third Edition, issued by the Wre Rope Technical Board.

| ndustry recomendations and standards are nodified as appropri-
ate for fal sework considerations.

4- 41 Revi sed 06/ 95



CALI FORNI A FALSEVWWORK  MANUAL

Constructional stretch occurs when cable is |oaded for the first
time. When a cable is first | oaded, the helically-wound wres
and strands are pulled nore tightly together, conpressing the
core and bringing all of the cable elenents into closer contact.
This results in a slight reduction in diameter and a correspond-
ing increase in |ength.

Constructional stretch is influenced by several factors. These
include the type of core, the nunber of strands and the number
of wires in each strand, the manner in which the cable is wound
and the magnitude of the applied |oad.

Because of the nunber of variable factors involved, there is no
mat hemati cal constant applicable to all cable types from which
el ongation due to constructional stretch may be determ ned. For
a given cable and | oad, however, the probable constructional
stretch can be approximated with sufficient accuracy for cable
design considerations.

4-5. 07E(1) Determ ning Elastic Stretch

For an elastic material |oaded within the elastic range, the

el astic deformation (i.e., the change in length, or stretch) is
directly proportional to the change in applied |oad, all other
factors remalning equal

The general fornula for elastic deformation is:

Change in Load x Length
Area x Mdulus of Elasticity

A=

Unlike other elastic materials, cable elongation is not directly
proportional to the applied |load over the tull elastic range.
This is the case because the nodulus of elasticity for a given
cable is significantly lower at low |levels of applied |oad than
at | oads nearer to the normal working strength of the cable.

To accommodate this unique physical characteristic, it is
standard practice in the cable industry to facilitate cable

el ongation cal culations by using a nomnal E value and a reduced
E value, depending on the magnitude of the applied | oad. The
nomnal E value is used for that portion of the total |oad which
exceeds 20 percent of the breaking strength of the cable. The
reduced E value (which is equal to 90 percent of the nom nal
value), is used for the portion of the |oad between zero and 20
percent of the breaking strength.
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|f the cable design load is not greater than 20 percent of the
cabl e breaking strength, the elastic stretch may be determ ned
fromthe general fornula for elastic deformati on shown above,
usi ng the reduced E val ue.

|f the cable design load is greater than 20 percent of the
breaking strength, the total elastic stretch is the sum of 4
and A, as given by the follow ng fornulas:

A = (0.2 x Breaking Strength - Preload) (L)
: A x 0.9E

(Cable Load - 0.2 x Breaking Strength) (L + A,)
A xE

A, =

In the equations, A values are in feet; L is the |oaded length

of the cable, in feet; Ais the net netallic area of the cabl e,
in square inches; E is the nomnal nodulus of-elasticity, in
ounds per square inch. Breaking strength, preload and cable
oad val ues are expressed in pounds.

4-507E(2) Determ ning Constructional Stretch

As previously noted, constructional stretch occurs when a cable
Is loaded for the first tinme. Constructional stretch is an

i nportant design consideration for internal cable bracing
systenms because, depending on cable type, a typical new wre
rope cable initially loaded to its design working strength wll
undergo a permanent el ongation of froml/2 to 1 percent of the
| oaded | ength.

| ndustry design practice assunes that constructional stretch is
proportional to the applied |load, and that all constructional
stretch occurs within the elastic range. (That is, the tota
expected constructional stretch will have occurred when the
applied | oad reaches the yield point |oad, or 65 percent of the
cabl e breakingstrength.)

Constructional stretch is given by the follow ng fornula:

o Applied Load ' S%) (L
Aes (0.65 x Cable Strength)(c F (L)

In the formula, As IS the constructional stretch, in feet; CS%
Is the constructional stretch, in percent, given by the cable
manufacturer; and L is the cable Ilength, in feet, between end
connections. Applied |oad and cable strength are in pounds.
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The anticipated constructional stretch, expressed as a percent-
age Wl be included in the cable design data provided by the

manuf acturer. |If for some reason it is not provided and Cannot
be obtained, the analysis nmay be based on assumed val ues of 3/4
and 1 percent for wire core and fiber core cables, respectively.

Sonme types of high strength cable, such as prestressing strand,
are comercially available with constructional stretch renoved
by preloading at the factory. Such cable will conformto the
requi rements for ASTM Designation A586 (structural strand) or
ASTM Desi gnation A603 (structural rope), and will be clearly
identified as prestretched cable. \Wen prestretched cable Is
used, it is ngl necessary to consider constructional stretch in
t he anal ysi s.

4-5. 07F Procedure for Analysis *’

When cable is used to prevent internal collapse of a fal sework
bent, the nethod used to evaluate the adeguacy of the bracing
systemdiffers fromthe traditional nmethods normally used for
franme anal ysis because of the need to consider-the effect of
cabl e elongation and frame deflection on system stability.

In a cable-braced frame, the cable elongates as the horizontal
design load is applied. Cable elongation allows the frame to
defl ect, producing vertical |oad eccentricity which nust be
considered in the analysis. Additionally, post reactions wll
be affected by the vertical conponent of the cable | oad.

'® Note that cable conforming to ASTM Designation A586 or A603
may be either prestretched or non-prestretched. Prestretched
cable must be so identified in the cable design data furnished
by the manufacturer. If the cable is not clearly identified as
prestretched, constructional stretch nust be considered in the
anal ysis, even though the cable may otherw se conformto the
referenced ASTM specifications.

" The Division of Structures nethodol ogy for analysis of
internal cable bracing systems, as described herein, assunes
that the post or colum is attached to the cap and sill by an
eccentric pinned connection, and that the eccentricity is
nunerically equal to the horizontal novenment of the cap due to
cable unit elongation. These assunptions are valid for typical
pi pe colum bents where the connections are not designed to
resi st nonent, and for all tinber bents. However, it is theo-
retically possible to design a pipe colum frame with fixed
connections. Any such designs wll require a rigorous analysis
by the contractor (with supporting calculations) and simlar
review by the engineer. In such cases, the engi neer should
contact the Sacramento Ofice of Structure Construction for the
procedure to be foll owed.
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The follow ng procedure (illustrated in Exanple Problem 17) is
used to eval uate system adequacy:

1.

~

Determ ne cable |engths, post heights, and the vertical

di stance between the plane of the cable connection at the
gap and the plane of the cable connection at the sill

eam

Cal cul ate the horizontal design |Ioad. For analysis of

" cable systens, the horizontal design load is the |arger

of (1) the wind |oad acting on the bent or (2) two percent
of the total dead |oad based on the full superstructure
cross section.

Cal cul ate the capacity of the cable units, using a factor
of safety of 3 based on the breaking (nomnal) strength of
the cable. (See Section 4-5.07C, Factor of Safety:)

Check the cable preload values shown on the fal sework
drawi ngs.

Using the horizontal design load from step 2, calculate

"the cable unit desi gn | oad.

Conpare the cable unit design |oad fromstep 5 and the
cable unit capacity determned in step 3. If the design

| oad exceeds capacity, the system nmust be redesigned.

Cal cul ate the cable unit elongation, which is the sum
of the e|ongations due to elastic and constructional

stretch, *®

(a) Calculate the elastic stretch, using the fornmnulas

shown in Section 4-5.07E(l), Determning Elastic
Stretch.

(b) Calculate. the constructional stretch. Constructiona
stretch is expressed as a percent of the |oaded |ength
of the cable. For falsework bents, the |oaded |ength
is the length between end connections. Follow the
procedure explained in Section 4-5.07E(2), Determ ning
Constructional Stretch.

(c) Add the elastic stretch and constructional stretch to
obtain the total elongation for the cable unit.

¥ As previously noted, Division of Structures policy requires
a consideration of both elastic and constructional stretch when
cal cul ating the expected cable elongation, unless the cable to
be used has been preloaded at the factory to renove the con-
structional stretch.
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8. Calculate the horizontal displacenment of the top cap due
to cable unit elongation. For this calculation, all posts
are assuned to rotate about their bases, and their tops
nove laterally the same distance as the cap, as depicted
in Figure 4-11.

X

FI GURE 4- 11

Refer to Figure 4-11 and note that the vertical distance between
t he caB and sill cable connection points at the |ocation of the
cap cable connection (vertical line a) may be used to conplete.
triangles for the preloaded (b) and fully |oaded (b') cables,
The | aw of cosines may be used to determ ne angles, since the

di mensions of all three legs of the triangles will be known,

Once the angle of rotation (6) of the posts has been determ ned,
the horizontal displacement at the tops of the posts can be

cal cul at ed.

9 . Conpare the cal cul ated horizontal displacenent and the
al | owabl e horizontal displacenent.

The cal cul ated horizontal displacenment is limted to one-
eighth inch per foot of post height, or one-fourth of the
post width or dianeter, whichever is the smaller value.
(See Section 4-5.07A, Limtations and Conditions of Use.)
If the calcul ated horizontal displacenment exceeds the

al | owabl e di splacenent, the system nust be redesigned.

4- 46 Revi sed 06/ 95



STRESS ANALYSI S

4-5. . 07F(1) Conpletion of Analysis for Box Grder Structures

The Standard Specifications provide for an internediate |oad-
ing consideration for box girder structures, so that the method
of analysis for box girder structures differs fromthe nethod of
analysis for other structure types.

For box girder structures there are two |oad comnbinations,
designated in the specifications as Case | and Case ||

Case |. Design live load, plus total design dead | oad
excluding the weight of the concrete in the deck
slab, plus total horizontal design |load, plus the
vertical conponent of the cable unit design | oad.
For analysis, all vertical |oads act on the fal se-
work in 1ts deflected position

Case Il. Design live load, plus total design dead |oad,
plus the total horizontal design |oad. For
analysis, both the live |oad and the dead | oad act
on the falsework in its Case | deflected position,

The procedure for box girders structures is as follows:

10. Calcul ate the post |oads and the bendinﬂ moment in the cap
andds|JI beam for both the Case | and the Case || |oading
condi tions.

Except for synmmetrical cable configurations, it will be
necessary to determne vertical |oad eccentricit¥ and
post reactions in both transverse directions to tfind the
maxi mum | oads and stresses in the individual posts.

11. Investigate post adequacy for both Case |I and Case ||
| oadi ng conditions;

(a) Calculate the axial conpressive stress ((£, = P/A) at
each post.

(b) Determine the allowable conpressive stress (F,) for
each post.

(c) Calculate the bending stress due to eccentricity (fy)
at each post using the formula:

fb = PelS

where P is the post load calculated in step 10; e is
the vertical |oad eccentricity, which is nunerically
equal to the horizontal displacement calculated in
step 8; and S is the post section nodul us.
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(d) Use the conbined stress expression to eval uate post
adequacy. For this application, the expression is:

£, £,
—_ + — < 1.0
Fa Fb

[

In the expression, £, is the axial conpressive
stress, £ I's the bending stress produced by
vertical Ioad eccentricity, and F, and . F, are the
al | owabl e axial conpressive and bendi ng stresses,

respectively.

For many cabl e-braced bents, stresses in the cap and sill beam
may be determned by analysis in the usual manner; that is,
using the Case Il | oad conbination. This procedure is usually
satisfactory because the Case | load conbination rarely governs
cap or sill beam design. However, if the cables are attached
near the end of a cap cantilever supporting a lightly | oaded
exterior beam the Case | load conbination, which includes the
vertical conponent of the cable design |oad, may produce the
maxi mum cap bendi ng nonment, and this should be kept in mnd when
reviewi ng cabl e-braced fal sework bents.

4-5. 07F(2) Conpletion of Analysis for Other Structure Types

The procedure described in the preceding section for box girder
structures is generally applicable to slab and T-beam structures
as well, except that for these structure types it is unnecessary
to ényestlgate system adequacy for an internediate | oading

condi ti on.

For the steps 10 and 11 cal culations, the design |oad conbina-
tion is the design live |load, plus the design dead |oad, plus

the vertical conponent of the cable unit design |oad, plus the
hori zontal design | oad.

For calculatin% post |oads and stresses, all vertical design
| oads act on the falsework in its deflected position;
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4-5.08 Cable Load Tests

In the absence of sufficient technical data to identify the
cable and establish its safe working strength, the contractor
may elect to performone or nore |oad tests. Judgnent will be
required as to the total nunber of tests needed.

For exanple, if the cable can be identified as to type and if it
is inuniformy good condition, a single test may be sufficient
for all cable of the sane type. However, if the cable cannot be
identified, or if it is old and obviously worn, it nmay be
necessary to test each reel or drum furnished.

If a load test is needed to determ ne the physical properties of
cable to be used in an internal bracing system the test nust be
performed in a qualified testing lab. Field test results are
not acceptabl e because determ ning cable ﬁroperties such as the
nmodul us of elasticity, the elastic stretch and the net netallic
area of the cable requires precise neasurenents obtainable only
W th specialized testing equipnent.

See al so Section 4-6.02, Load Tests, for additional infornation
pertaining to all types of |oad testing.

4-5.09 Cable Anchor Systens

In nost cases cables will be secured by fastening the end to a
concrete anchor block, although CIDH piles are sonetinmes used
when rel atively large forces nust be resisted.

Concrete anchor bl ocks nust be proportioned to resist both
sliding and overturning. \Wen checking anchor block stabilit
the wei ght of the anchor block nust be reduced by the vertica
conponent of the cable tension to obtain the net or effective
wei ght to use in the anchorage conputations.

For dry service conditions, the coefficient of friction assuned
in the anchor bl ock design should not exceed the follow ng:

Anchor bl ock set on sand 0.40
Anchor bl ock set on clay 0.50
Anchor bl ock set on gravel 0. 60
Anchor bl ock set on pavenent 0.60

The tabulated friction values should be nultiplied by 0.67 if it
is likely the supporting material wll becone wet during the
construction period.

For either concrete anchor blocks or CIDH piles, the nethod of
connecting the cable to the anchorage is part of the design.
The connecting device nust be designed to resist both vertical
(uplift) and horizontal forces.
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|f CIDH piles are to be used as cable anchors, the fal sework
drawi ngs should show the pile dianeter and |ength, the cenent
factor for concrete design, reinforcing steel details and cable
anchor device. Additionally, since the |oad resisting capacity
of a CIDH pile is dependant on the characteristics of the soil
into which the pile has been cast, the contractor's design

cal cul ations should be given a cursory review to determ ne

whet her the assumed soil pressure and soil properties are
consistent with the type of soil at the job site, and whether

t he design Brocedure foll ows recomended practice for piles
subject to both uplift and lateral forces. Any inconsistencies
shoul d be brought to the contractor's attention imyediately, and
suppl enmental details and/or calculations requested.

The adequacy of CIDH pile cable anchors should be eval uated
in accordance with the nethodol ogy expl ained in Fal sework
Menmo 9.

4-5-10 Splicing Cable

Because of the uncertainties associated with cable splicing,
Division of Structures policy prohibits the use of splices in
any cable used as fal sework bracing.

19 Design of piles to resist conbined uplift and |ateral forces
is a sophisticated design procedure, which is sonmetines ap-
proached superficially 1n the fal sework design. However, the
specification requirement for design calculations applies to
piles and well as other elenents of the fal sework system 1In
t he absence of calculations to support the design, the false-
wn?k sugnittal is not conplete and the contractor should be so
i nformed.
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Section 4-6 Manuf actured Assenblies

4-6.01 General Infornmmtion

In the specification context, the term "manufactured assenbly"
means any commercial product the use of which is governed by
conditions and/or restrictions inposed by the manufacturer.

Manuf actured assenblies routinely used in falsework construction
i ncl ude ﬁroducts such as jacks, hangers, clips, brackets and
simlar hardware products as well as all types of manufactured
shoring systens. \Wen approved for use, such products nmay be
incorporated into the fal sework design, and upon construction of
the fal sework, they becone a clearly identifiable conponent of
the fal sework system

The specifications limt the |oad on, and/or the deflection of,
any commercial product to the maxi num reconmended or allowed by
the manufacturer of the product. Allowable |oads and conditions
or limtations of use nust be shown in a catalog or technical
manual published by the manufacturer, or in a-statement of use
conpliance pertaining to a particular project.

A conpliance statenent, if furnished in |lieu of catal og data,
may be shown on a morking drawing or included in a letter, but
to be acceptable it nust be signed by the manufacturer of the
product under consideration, not by a material supplier or the
contractor.

The specifications require the contractor to furnish technical
data for manufactured assenblies, but only when such data is
requested by the engineer. Therefore, the engineer should not
hesitate to reguest catal og data or other technical information
if it is needed to verify the |oad-carrying capacity of any
manuf act ured product proposed for use in the fal sework system

Keep in mnd that some manufacturer's catalogs are very brief
and Show only general details. The engineer nust be able to
verify that the itemis used as the manufacturer intended.
Accordingly, if there is any question as to whether a device
or product is being used properly, the contractor should be
requested to furnish substantiating technical data or a state-
ment of use conpliance signed by the product manufacturer.
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4-6.02 Load Tests

In any case where the fal sework drawi ngs show or describe a
manuf act ured product or device which cannot be found in any
catalo?, the engi neer should require a load test to establish
the safe |oad-carrying capacity of that product or device.

The | oad test should be perforned under conditions which wll
closely sinulate the intended field use, particularly as to the
nmet hod of support. |If possible, the device should be tested to
failure, in which case the safe working |oad nay be assuned as
one-half the ultimate load. This wll provide a factor of
safety of two, which is consistent with manufacturer's ratings
for concrete formaccessories. If it is not possible to test to
failure, the working |load used for the design should not exceed
one-half of the maxinum load carried during the test.

The procedure discussed herein for load testing of nmanufactured
products or devices will also apply to nonconmercial itens,

such as honenmade deck overhang brackets, fabricated b¥ t he
contractor. Note, however, that the required safety factor
Is increased to three for noncommercial products.

Load tests should be w tnessed by the engineer and test results
noted in the job records, since they formthe basis of the
determ nation of the allowable values to be used in the fal se-
wor k desi gn review.

When authorizing a load test, the engineer should keep the
purpose of load testing in mnd. Load testing is intended to
determ ne or verify the Ioad-car&ying capacity of a comercially
avai | abl e product or device. Load testing should not be used to
establish that a particular design detail or method of construc-
tion, although overstressed when stresses are calculated in the
usual manner, is neverthel ess capable of wthstanding the

i nposed | oad w thout failing.

4-6. 03 Beam Hangers

Beanlhan%ers are hardware itenms which are placed transversely
across the top flange of a beam or girder. Steel rods or bolts,
which are inserted into threaded wire |oops at the hanger ends,
hang vertically to support the deck slab falsework or diagonally
outward to support a deck overhang bracket.

Unbal ancedl oadi ng (| oading only one side of the hanger) w |
materially reduce the |load-carrying capacity of the hanger
unless it is of a type designed to be |oaded on one side at a
time, or unless special nmeasures are taken to hold the hanger in
pl ace. Special neasures may include welding to studs or shear
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connectors. In no case, however, should beam hangers be wel ded
to the top flange of a steel girder or to precast-prestressed

girder stirrups.
4-6.04 Deck Overhang Brackets

Several types of nmetal brackets specifically designed to
support cantilevered deck overhangs are available comercially.
Typically, these brackets will be supported at the top by beam
hangers, or by formbolt inserts cast into concrete girder
stens, or by threaded rods or bolts extending through holes
drilled in the web of steel plate girders. Rotation of the
bracket is prevented by a diagonal |eg braced against the
exterior girder.

The specifications governin% steel construction include certain
restrictions which affect the design of falsework supporting
deck overhangs on steel girder bridges. (See Chapter 3.)

4-6.05 Steel Joist Assenblies

Joi st assenblies are essentially steel beans which can be
adjusted to provide a wi de range of span |engths. Catal og
data shoul d be consulted to determ ne the safe |oad-carrying
capacity. and the allowable deflection. Note that when joi st
assenblies are used to support deck slabs between girders,
design load deflection is limted to the maxi mum defl ection

al l oned by the manufacturer, which in sone cases nmay exceed
1/240 of the span. At all other l|ocations, the specification
limt (1/240 of the span) applies.
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